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CHAPTER 2 - SUPRABASALT SEDIMENTS
OF THE COLD CREEX SYNCLINE AREA

A. M. Taliman
J. T. Li11de
X. R. Fecht

INTRODUCTICN

This ehaptar dascribes the general stratigrapny of the sediments
overlying the basalt bedrock in the Cold Creek syncline, included is 2
hrief discussion of their distribution, lithology, stratigrachy, and age
relationships in the Pasco Basin and 2 more detailed discussion for the
mastern Cold Creek syncline area across the RAL.

The study of these sediments is important to the identification and
avaluation of candidate sites for 2 repasitory becausa: (1) Plio~Pleis-
tocene geologic history of the Cold Creek syncline area is racorded in
thesa sadiments; (2) physical properties of thesa sadiments, especially
sheir lataral variations, affect the ability of saismic reflection sur-
vays to resolve details of bedrock structure in the underiying basalt;
(3) shafts constructed in the RRL will penetrate these sadiments and
require knowledge of their character; and (4) surface facilities con-
structed on or in thasa sadiments will require information ¢n their
enginearing properties.
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The post-Columbia River Basalt Group sadiments of the Cold Creek
syncline are composed of two major units (Fig. 2-1): (1) Ringoid Forma-
tion, a Miccene-Pliccane fluvial unit with some lacustrine facies; and
(2) Plaistocene glaciofluvial sediments, informally termed the Hanford
formation. Deposition of the Ringold Formation by ancestral streams
#lowing through the Pasco Basin started shortly after cassation of basalt
flows. Talus and alluvium deposited on the flanks of basaltic ridges
during Ringold time are also included in the Ringold Formation. The
Hanford faormation was demositad by catastrophic floodwaters which inun-
datad the Pasco Basin when ice dams impounding glacial lakes failed in
Montana, !daho, northern Washington, and southern British Columbia. Minor
units include %he Plaistocane and Holocene talus, colluvium, alluvium,
lanaslice dabris and loess, and Holocene dune sand.
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PREVIOUS WQRK

invastigations of the sadiments in the Cold Creek synciine irea began
during the 1340s during csnstructicn of the Hanford Sita facilities in the
200 Zast and 200 West Arsas and have continued sinca then with ongoing
constructien and groundwatar-menitoring fnvestigaticns (Newcomo and Strand,
1353: 3rawn, 19539 Newcomo ind others, 1372; Liverman, 1875; Routson and
Fagnt, 1379; Tallmen and others, 1979). Additional work was completsd Sy
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Washington Public Power Supply System, Inc. (WP9SS, 1977, 1381} and
recently by Northwest Enerqy Services Commany. A summary of regional
and Pasco Basin post-Columbia River basali geology {s presentad in

Myers, Price and others {1979).

METHOOOLOGY

Reconnafissance field manpin? (1:62,500) of sadiments in the Coid
Cresk syncline was comoletad in 1978 (L{11ie and others, 1978; Myars,
Price and others, 1979) and mora detailed ¥ield mapofing (1:24,000) is
cur “ently being done by Rockwell. :

Investigations of subsurface sadiments in the Cold Creek syncline
utilize orimarily driller’'s logs and sampled from boraholes, Thesa bora-
holes were drilled using cable-tool, mud and air rotary, and diamond-
coring driliing metheds (Fecht and Lillie, in press; also sae Aopendix A).
The quality of driller's logs and sediment samples fs varfabie and is
considered in the interpretations prasented {n this renort. Granuicmetric
analysas and calcium carbonate (CaC03) detarminations were completed on
sed fments frem salectad boreholes to aid in delineation and corralaticon of
major facies changes within the Hanford and Ringold Formations. Geophys-
tcal logs are available for some bgreholas, and scme »reas are coverad Yy
geoshysical surveys (sae Appendix B). .

Palecmagnetic analysas of sediments frem the Ringold Formaticn were
completad for exposuras along the Columoia River and for three core holas
on tha Hanford Site (Woodward-Clyde Consuitants, 1978; Packer and
Johnston, 1979). Thesa data are heing used to delineats time-stratigraphic
units and, in conjunction with fossils, can Se used for dating and
corralating the Ringold Formation.
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GENERAL STRATIGRAPHIC SETTING

RINGOLD FORMATION

The Ringold Formation gverlies the Columoia River 3asalt Group within
most of the Pasco Sasin, excapt where: (1) basalt croos out, {2) glacio-
fluvial Hanford formation onlaps ridges apove the marqgin of the Ringold
Formation, and (3} it has bean eroded and Hanford sediments were depositad
directly on basal:.

The Ringold Formation within the Pasgo 8asin nas been divided verii-
cally into threa textural facies, generally following the divisions of
Newcomb (1958): (1) lower Ringoid, the "blue clay* facies consisting of
- sitt, ¢lay, sand, and gravel axtanding upward froem “he hasalt; (2) niddle
Ringold, ccnglicmerata or gravel {acies; and {3) upoer Ringold, c<lay, silt,
and sand, wizh scme minor gravel lenses {Srown, 15353). Recant wors
fJoutson and Facht, 1979; Tallman and otners, 1379; HAyers, Price and
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others, 1979; Brown, 1531) has distinguished a basal unit, the predomi-
nantly graval facies in the bottam porticn of Tower Aingold, as described
by Newcomo (1558) and Srown (1953).

The division of the Ringold Formaticn inty a (1) basal, {2} lower,
{3) middle, and (4) upper facies, basad primarily on texture, is appropri-
ate for much (F the central Pasco Basin. On the edges of the basin, the
character of the Ringold Formaticn differs “acause of derivation frem
local sourcas.

In general, three regresentative stratigriohic saction types canm be
ysed to describe the lataral variations of the Ringoid Formation in the
Pasco dasin (Fig. 2-2). The zentral sortion of the Cold Cresk syncline
and much of the cantral Pasco 3asin are reorasentative of section type [
(the four facies listed above) and illustratad in OH-12 (Fig. 2-3). How-
avar, all four textural facies are not praesent throughcut all the section
twe [ area. Much of the uoper Ringold {s aeroded and the lower Ringold
pinches out on anticlinal ridges, and in some arsas, the oasal gravel unit
is not present or cannot be distinguished from middle Ringold where the
two are in contact. The lataral distribution is shown in Figure 2-2.

A more datailed discussion of ti-is section type is presented later in
the discussion of the RRL stratigraphy.

Section type [I of the Ringold Formation is found rorth and east of
Gable Mountain (Fig. 2-2) and is composed predominantly of silt, sand, and
¢lay :s reprasented in DH-19 (Fig. 2-3}. Minor gravel lensas ars presant,
mostly north of Gable Mountain, Sediments of this section are interorated
as flcodplain overbank depesiis throughout Ringold time. Erosional uncon-
formities and palegsols are aresaent, Sut there is no avidenca of high-

anargy, main-channel, sedimentaticn characteristics of the middle and
basal Ringo’a facies in the centra] basin.

Section type [II, the fanglemerata facies (Grolier, 1965), accurs
on the flanks of anticlinal ridges and inciudes the talus, slope wash,
and side stream facias which interFinger with the central basin daposits
of section types [ and II (Fig, 2-2 and 2-3). This factfes of the Ringoid
Formaticn is composed chiiefly of basalt clasts in a matrix of gquartz and
faldspar or Dasalt sand. Llocally, some openwork, angular, basalt debris
is present. it is generally compaciad %0 cementad with silica and/or
CaCl3. The unit is the result of mass wastage and runoff on the emerging
~idges during the depositicn of the other Ringold seztion types in the
lewer elavations of the Pasco 3asin.

Section types ! and Il were denositzd by a2 major river systam wnich
flcwed through the Pasco 3asin. The middle Ringold gravel of section
tme [ is prasent from Sentinel Sap %0 *he wes: side of Gable Mountain and
througnout the cantral Pasco 3asin to Wallula Gap, excent where it is
iccally 2roded south of the sity af Pasco (Fig. 2-2). Tha main channel,
neandered across the Pascs 3assa, cengsiting the time-transgressive middle
lingold gravels and the a3sociated finer grained sediments. Saveral fly-
+ial cyclas ars recognized w~ithin saciion type I, but have not besn corra-
lated across the basin. The “ine-grained sadiments of section types [
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and II were deposited as latzral equivalents of the main-stream facias.
After the depositicn of the upper Ringold of saction typea [ and before the
deposition of the Hanford formation, there was a major period of fluviail
facisicen and as much as 150 m of Ringold sadiments were eroded across the
cantral porticn of the Pasco 3asin. The nature of thesa missing sediments
is not known, but the lataral equivalent, the upoer Ringold of the wWhita
31uf¥s, Is a fine facies similar to the sand and silit of section type [I.
Zrosional remnants of the upper Ringold are presant in the west-cantral
part of the hasin. Thesae fine-grained sadiments are either the floadplain
overaank equivalents of a now eroded channel deposit, or thay renresent a
low-energy, fluvial-lacustrine environment throughout the basin for all of
upper RAingold time.

HANFCRD FCRMAT IOM

The Pasco Basin was inundatad by multiple Pleistocene floods when ica
dams 7ailed along the glacier margin in northern Montana, Idaho, Washing-
ton, and southern ritish Columbia {3retz, 1923, 1925; Baker, 1973). An
estimated 2,000 ‘o of water from Glacial Lake Missoula surged across
2astarm Washington {Pardee, 1942), deeply scouring basalt and aggrading
thick sagquences of subfluvially deposited sadiments. The flcodwaters wers
diverted into aumerous anastomosing channels which debouched into the 2isco
3asin (Baker, 1373; 3aker and Nummedal, 1978). Watar was tamporarily im-
pounged behind the underfit watar gap at Wallula, with the resultant tem-
sorary laka reaching an elevaticn of ~385 m in the Pasco Basin.

The sediments zeposited in the Pasca 3asin during these flood avents
ara iaformally raferred to as the Hanford formation. The Hanford forma-
v is-divided into two textural facies: (1) Pasco Gravels (3rown, 1375)
ind {2) Touchet 3eds (Fliant, 1938). The Pasco Gravels (Fig. 2-4) range in
taxture from pouigers t fine sand and represant varied anergy anvirsnments
during flooding. The Touchet 3eds (Fig. 2-3) are made up of rhythmically
Dedded, fine-grained sadiments depositad in low-anerqgy, slackwater
environments.

Floodwataers antered the Pasco 3asin by thres routes: (1) througn
Sentinel Gap, {2) across the northeastem flanks oF the Pasco Basin in
severil well-developed coulees, and (3} cown the Snake River (Fig. 2-§).
The texture of the Hanford formation varies throughout the Pascn 3asin,
in general, the Pasco Gravals are coarsest immediataly south of Sentinel
3ap 4rd south of the Gamle Mountain-3able Zutta constriction, where coarsa
cadbris was depositad when the flcodwatars spread out into the Pasco 3asin
and ceoosited 2 swath of gravels to Wailula Gap, Coarse gravels are also
aresant in the southern Pasco Basin, ~nere floodwatars antersd the pasin
713 the Snake Rivar (3rown, 1281; Lindberg and 3rown, 1981). The Toucher
Jeas ara generaily restricted % higher 2levations on the flanks of ridges
ind w tributary vallays of the Pisco 3asin away from the higher anergy,
nain-channal flcw,

The numoer <7 Pleistocane ficods in eastarn Washington and the Jasca
3asin s not <nown. Stratigraonic avidenca for as many as 12 7loods is
~aportad in tne Spokane area Sy Stradiing and others {1980). In work Zone




M S i

é‘.ﬂ.w

o ‘l""l iy

m

$1=15-IME=0HY

’ . L1 b' ) ‘

“ " : ‘l.{"‘
W 5 2\ 1&'

: ﬁ« '
’émilij fl(.lumuab |

FIGURE 2-4. Pasce trevels, Refercnce Repositury location,




RHQ=-BWI-37T-14

FIGURE 2-35. Touchet Beds, Pasco 3asin.
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for Rockwell, L. G. Hansen reportad stratigraphic evidence for at least
saven floods in the Columbia River Valley in the northwestarn Columbia
Plateau. The Touchet Beds in the Walla Walla Valley are interpreted to
represent “about 40" individual floods (Waitt, 1980) based on the assump-
vicn that each major sedimentary cycle reprasents cne flood. 2jornstad
(1580} concluded that thesa cycles representad anergy pulses in one major
flood, but he did find evidence for at least two separata floods. Within
the Pasco Basin, multiola, graded sequencas of Pasco Gravels and Touchet
Jeds have besn observed in boreholes and outcrop. Whether aach saquence
reprasents an individual {lood or merely changes in the snvircnment during
daposition is not known.

Locally, three sedimentary sequences identified in borsholes in the
Pasco 3asin (Brown, 1581) are interpreted to De three saparata flocod
avents. In an axcavation in the south-central basin, three main saquences
af Hanford sadiment are interpretad to reprasent mulitiple flood events in
the lata Pleistocene {Wisconsinan, ~80,000 to 10,000 yr befors presant).
Qlder gravels in Sadger Caulee contain a petrocalcic horizon and are intar-
areted as pre-Wisconsinan floed sediments. More datailed analysis of bore-
hole sampies and axposurss is needed to rafine the Tlood history of the
Pasco dasin.

Clastic dikes (Fig. 2-7) commonly occur in the Touchet 3eds and Pasco
Graveis. They are alsa found in the Ringold and £llensburg Formations and
in basait. Tha dikes are generally vertical- to irreqular-dipping fissure
7illings in the nost sadiments that are filled with clay-to-gravel sedi-
aents. The mechanism for the formaticn of the clastic dikas is not inown,
but they have been intarpreted not to be relatad o permafrost, desicca-
ricn, or saismic activity (Black, 1979). Most dikes observed appear to be
£3illed from above and display intricata fluvial bedding with evidence for
muiziple, Tilling avents. The mechanism for opening of the fissure may be
ralatad © loading and dewatering during Pleistocene catastrophic flaoding
(3lack, 1979; Baker 1973).

SURFICTAL DEPOSITS

Relatively mingr amounts of alluvium, dune sand, leess, talus,
coiiuvium, and landslide cebris occur in the Pasco 3asin., Most of thesa
genosits are Holocane, but some may be as old as the Pleistocene fLillia
and others, 1978; Myers, Prica and others, 1979).

Alluvium ocours in the ficodplains of the Yakima and Columbia Rivers
and in wne Co'd Creak and Dry Creak Valleys. Alluvium delew the 2levatien
of maior Plaistocene catastrapnic fleoding is Holoczne, but ranges from
Plaistscane to presant above flood levei. Scme Plaistocens alluvium may
Se gverlain Sy the Hanford formaticon.

Dune’ sand s present throughout much of the Pasco Basin and consists
3f megium- 3 Fine-grained sand with minor amounts of silt. Active cunes
are srassnt in the cantral Pasco 3asin ana %o the north and ez2st along the
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FIGURE 2-7. Clastic Oike in Touchet 8eds, Pasco 3asin.
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Columbia River. Stabilized, longitudinal dunes occur in the south-
central porticn of the Pasco Basin., (Qune sand is chiefly reworked
Hanford sediments.

Talus and colluvium are prasent on ridge flanks. Thesa deposits are
arimarily Holoczne, but are in part Pleistocene at elevations above flcod
lavel. BSasalt landslide debris is present along anticlinal ridges. Large,
partly eroded landsiices and Jandslide complexas are probably Pleistocsne
or clder. Landslices in the Ringold Formation along the White 8luffs are
pradominantly Holocene; however, some large landslide complexes are over-
lain by the Pleistccene Hanford formation. Active landsliding on the
whita 3luffs chiefly is ralated to incraasad irrigation on top of the
white 81uffs as well as undercutiing by the Columbia River.

STRATIGRAPHY OF THE REFERENCT REPOSITCRY LCOCATION

The Ringold and Hanford formations overliie the Columbfa River Zasalt
Group in the RRL area (Fig. 2-3 and 2-8). Oune sand venears the Hanford
formation in parts of the area.

RINGOLD ~CRMATION

The Ringold Formation within the RRL is composed of the basal, lower,
middle, and upper units (section type I), with scme intarfingering of the
fanglomeratz and side-stream facies (saction type III) in the western part
of the area (Fig. 2-2 and 2-3).

8asal Rinaeid

The basal Ringold unit overlias the Zlaphant Mountain Member of the
Saddle Mountains Basalt in the RRL and is chierly a silty, sandy qravel to
a gravelly sand that varies in thickness from § to >45 m {Fig. 2-3 and
2-9). The bedding siructure is not known from available borehole data.
Clasts are predominantly basalt, but include guartzite, granitic rocks,
metamornhic rocks, and other lithologies froem outside the Pasco 3asin.
The sand fraction is primarily quartz and faldspar. The exotic Tithel-
ogies indicata a2 through drainage in the Pasco Basin during depositicn of
the basal Ringold. The dominance of basalt rafiects the influencs of the
side-straam and ¥anglomerate cebris of section type ITI and proximity to
basalt highs. The unit is commonly well cementaed with silica and/or
calcite. [t is generally thicker in the deepest part of the Cold Cresk
syncline in the RRL area and is folded with the basalt, suggesting that
tnis unit was cencsited during deformation of the Cold Creek syncline
(Fig. 2-10). Pravious work on the northern flank of the Cold Creek syn-
cline suggestad that the unit was generally the same thickness throughout
{Routsan and Fecht, 1979; Tallman 2and others, 1879) and that most defor-
naticn acgurred aftar deposition.
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The nature of the confact betwean the Jasal Ringold and tha basalt
is aot fully understood, but {t {s assumed that regional drainage was the
dominant influence on sadiment deposition in the Pasco Sasin very soon
aftar the denosition of the last basait flcw (Ige Harrar Member) in the
scuthern Pasca Sasin. In the ARL, the Ringold overlies the £lephant
Mountain Member, bSut %he saziments differ from the tuffaceous Lavey intar-
bad oetween the [ca Hardhor and Zleshant Mountain Mempers in the southern
part of the Pasco B8asin (Chapter 3). It is, therafcre, assumed that most
deposition of the nighly basaltie ingold gravels occurred after deoosition
of the Ica Harhor Memper. Upon continued defyrmation, the main channels
ware confined srimarily to synclinal areas with local slope wash off the
synclinal limbs. The unit includes gravel depositad in high-energy, main-
channel envirsnments and assgciatad fine ssaiments from floodpiain and
jecal ltacustrine environments.

i_oweyr Rinaolid

A sand, silt, and clay facias with some gravel stringers overlies
tne pasal Ringold gravels throughout the RRL arca (Fig. 2-3 and 2-9}.
This reoraserts a low-anerqgy, fluvial unit with some lacustrine faciaes;
the unit varies in thickness from 5 to 35 m. The unit is thickest in the
daanest parts of the syncline, generally thin updip, and pinches ocut on
inticlinal ridgas (Fig. 2-10). Fining, uoward, sedimentary cycles are
oosarvaed in grab samoies from wells, Sut the low w21l density precludes
corrajating thesa cycles Detween wells. In core, the silt.¢lay fraction
is finely laminatad to massive (Fig. 2-11).

The sand and silt are composad of quartz, f2ldspar, and mica with
lithic frigments af Columbia River basalt and rocks from outsice the Pascs
3asin. The sagiments are generally compac+ed with variable induration.

The thinning of the lower Ringeld unit an the flanks of the Cold Cresk
syncline indicatas that the unit was deposited during or arter deformition
af the Cold Cresk syncline (Fig., 2-10). Ouring lcwer Ringold time, the RRL
araa, as well as most of the Cold Creak syncline, was 31 region of low-
anerqy depositicn. Floodnlain deposits are dominant, with some relatively
thick sequences of lacustrine deposits. Minor gravel horizons indicata
that thars was pericdic, minor, channel denosition throughcut the region.
The contact batwaen ihe basal and lower units is generally gradational,
indtcating a2 genaral deg¢rease in fluvial snergy. It is not %Xnown whether
this low-2nergy asnvironment {s representative of the antiras Pas¢o 3asin,
with subsequent srosicn of the lower Ringold sadiments on the anti¢linal
highs, or is only present in the synclinal areas with coeval, major,
znannel cenositicn cutside major synclinal zreas.

Middle Ringold

The middie grave’ facies overlias the Jower Ringold and is prasent
throughout the RRL (Fig. 243 and 2-10). It consists af pebbie-to-cobble
gravel with a matrix of sand, »ilt, and some clay. The unit is up tg
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100 m thick in the RRL and contains horizons of sand and silt. The gravel
is composed of basalt and quartzite with metamorphic, granitic, and
porphyritic-volcanic rocks. The sand fraction is predominantiy quartz and
feldspar, with mica and basalt commonly a significant constituent. The
silt and eclay fracticn is quartz, reldspar, 2nd smectita. Tre conglomerata
obsarved in coras Trom the 200 West Arsa and 2xposed st the shita 2luffs,
30 «m east of the ARL, has a massive appearance with ntnor imbrication

of clasts. Cross bedding is common in the sand lansas from coras and at
the White Bluffs exposure (Fig. 2-12}.

Induration varies from essentially no cementation t0 well cemantad
by CaC03 and/or silica (Si03). Much of the well-indurated conglomer-
ate Facias is matrix supportad {Fig. 2-13).

Openwork, uncementad gravel is occasionally found in core, Limited
4ata within the RRL <o not reveal deformatien oF the middie Ringold
(fig. 2-10}, but a gemeral, arcuates, concave, uanard contact with the
uppar Ringold throughout much of the Cold Craak syncline suggests there
has bean some cdatormation of the middle Ringold. The wvariations in thick-
ness are generally related to channels of middle Ringold into the lower
Ringold and erosion of the middle Ringald by post-Ringold fluvial activity,
srimarily Pleistocene Flood channels.

The contact with the lower Ringold is generally sharp, indicating an
aprupt change in fluvial energy environment. The conglomerata was depos-
ized in a high-energy environment and the particle roundness and exotic
lithologies Suggest transport over considerable distance. The Ringold
fermaticn has long bean considered to be of Columbia River drainage origin
'Merriam and 3Buwalda, 1917). The presaence of modern Snake River Titholog-
ias indicates an inflyence of the presaent Snake River drainage (Tallman
and others, 1979; B8rown, 158l1). Recent studies indicate that lithologies
of the modern (learwat2r and Salmen River drainages are presant in the
middls Ringoeid in the southeastarn Pasco Basin (Richman, 198l; Webster znd
athers, in orass). This facias is interpratad as main-channel deposition,
uncoudtadly recording multioie erosional unconformities and sadimentary
cycles.,

Jpoer Ringo1d

The upper Ringold unit is present in parts of the RRL as an erosfonal
remnant overlying the conglomerate facies (Fig. 2-9 and 2-10). The unit
is comogsad or well-sortzd sand and silt with minor amounts of clay. Thin
norizons of pehble gravel are common. The sana and siit fraction is pri-
marily quartz and {eidspar, with locally large amounts of mica and basal:.
Quartz, smectita, and mica make up the clay fraction, Caliche horizons
are common and usually are present on the upoer erosignal surfaca whers
<ne unit is moderately w0 well cemented. The unit generally appears to
jrade from the silty-sandy-gravel of the middle Ringola facies. The upper
surtacs is argsional throughout the RRL (Fig. 2-3).
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Core samulaes outside the ARL show altarnating sand, silt, and clay
horizens similar to thosa ¢bserved in the White 8luffs (Fig. 2-12). Only
the Towermoss part of the upper Ringold saction found at the Whita Slurfs
{s present in the RRL. It repragents a low-anergy, fluvial environment
with scme Tacustrine facias, probably a2 floodplain of a major Fluvial
systam. Pebble gravels indicate smail cnannels or perpans axtansive sheat-
wash periodically inundatad the area, and paleosols represant axtanded
periods of subaerial exposure. Sediments intarpretad to he loess overlie
the fluvial seguence and are included in the upper Ringold unit.

Erosicn removed an unknown amount of the uppar Ringold in the RRL;
that which remained was buried by the sediments of the Quaternary Hanford
formaticn. The timing of loess deposition relative <9 the major arosion
of the uoper secticn of this unit is not Xnown. [T the major arosion of
the upper Ringold occurred before the denosition of the loess, as suggesied
by the caliche harizon below the lcess, the loess unit may be considerably
wyounger than the underlying fluvial sadiments. The axtensive caliche hori-
zon on most of the ypper arpsional surfaca of the upper Ringoid unit, he
it Toass or {luvial sediments, suggests that the surface existad for some
time prior to denosition of the glaciofiuvial Hanford formation. It also
suggests that very little erosion %dok place during Pleistocene flcoding
in this area of the Pasco Basin as it was generally orotectad in the les
of the Umtanum Ridge-Gabla Mountain structure.

HANFORD FORMATICN

The Hantard formation, chiafly tha Pasco Gravels, overlias the 2ingold
Formation throughout the RRL (Fig. 2-9 and 2-10}. The sedimen%s are mada
up of gravel to sand and represent raeiatively high-anergy, suniluvial deog-
sition during Pleistocene flooding. A thin sequence of Touchet 3eds s
arasant at or neiar the surtace mainly <9 the west of the RRL.

The surface of the subFluvial hars is commoniy armored with a lag
gravel, resulting Trom the winnowing of #ine sediments during waning stages
of {locding. This has been further aczantuated by =0lian deflaticn during
the Holocane,

Clastic dikas occur within <he RRL. The surface axprassion of thesa
dikes is polygonal-patierned ground ~ith goiygens up to tens of metars
across.

Jergmounds are very common up the Cold Cruek Yallay zand on the flanks
of Rattlesnaka Mountain {Fecht and Tallman, 1978). Thesa relatively unfque
tandforas resulted from the grounding a7 large, glacial i¢abergs on the
surfaca of the Hanford Tormation, thus protagting the underlying sadiments
Trom arosicn during draining of the {icodwatars.

2asga aravels

The Pasca Sravels range From Sculgers o Fine-gra‘ned sand znd display

7arisd Hedforms {Routscn and others, 137%). The best axnosures ¥ tha

232

‘e




£2-2

A
i, o
.
[ ] 1
(B . "

: .c."; \" . / R
v !———-—-—-"""h.‘

13
o-“r '"Jr"n--» b
" 3 H .‘\.

. "'.:_. N }mﬂf“\?&

’ A
RN § GREU
. - ~~-.-§i"'- -

! . /fifihﬂq “»‘-:fd
-t - - ,(! "‘m .
et g WS

crrrrrgyy 1Y

R ] L.
- - i l}-‘\l
. - .' ¥
T S
- . o

+ R J-.' ‘
Cong g B
LIS A . A v
.--__,F‘:‘_ o:' :2*‘.."..%‘ ?‘: !

’-4? 1.'!“ _';;- '-hg:.. M

FIGURE 2-14. Laminated Upper Ringold Sediments, White Bluffs.

$1-1S-1M8=0HY




RHO-BWI~ST-14

Pascon Gravels ara {n axcavations for wasta facilities sast of tha RRL.
Massivaly bedded, horizontally bedded (often with fine Taminations), cross-
bedcded, and graded-bed saquences have bean obsarved in thesa axcavations.
Pasco Gravels are poorly exposed in the RRL, except for one, snall, gravel
pit in the northern part whare the gravels are cross bedded {Fig. 2-4).
Bezding presant elsewhers in the Cold Cresk syncline {s assumed presant in
the R1L.

The gravel ganerally consists of <50% basalt, with some intrusive,
igneous, metamorphic, and sedimentary rocks. 3Source areas for the non-
basaltic rocks are the glaciatad tarrain to the north. Most of the sand
is arkosic, with some horizons containing a relatively high basalt contant.
Mt. St. Helens Sat S ash is iocally prasent in the finar facies of the
Pasco Gravels.

Tne Pdsco Gravels are not generally indurated, but some horizons are
mocerately 0 well cazmented with CaCd Thesa horizons are sometimes

difficult o diffarentiate from the R?ngoid formation in Soreholas.

Two coarsa- to fine-graded saquencas are recognized in boreholes from
the RAL. In areas where the Pas¢o Gravels form or fi17 channals in the
Ringold Formaticn, as many as four, graded sequences are present., IY is
not xnown if these sequencas represent saparat2 floods or anergy varia-
ticns in the depesitional environment during a single flood. C{urrent
interpratation honors two discreta floods and is hased on borencle data,
anich incluce driller's logs (1ithalogy, texture, and penetration rate),
geapnysical logs, and stratigrapnic position relative to sediments known
0 represent multiple floods in the south-cantral Pasco 8asin. Soth
graded saguences generally are composad of a relatively thin hasal unit,
consisting of peorly sortad silty-sandy-gravel w#ith glasts ranging from
petbles =0 >30-cm boulders. This grades upward to & bettar sorted, silty-
sandy, cobble-gravel unit aoverlain by sand and silt. The lowar, graded
sequence 3¥tan has a calcic horizon on the uppar surdaces, resulting in a
siower ¢rilling rata, and iaopeiars o be densar on geophysicai logs.

Touchet 3Jeds

~ Tne Touchet Zeds are composed of rhythmically bedded silt w3 fine
sand #ith stringers of coarsa sand and gravel. A discrets heorizon of
Mt. 3t. delens Set S5 ash is common.

Relativaly minor, isolated exposures of Touchet 3eds are oresant in
the RRL. Toucnet Seds in Cold and Ory Creek Valieys cccur in generally
crotectad arzas distal %0 the main Flocd channel{s).

AGZ RELATICONSHIPS

r

The iga of the sadiments overlying the Lolumbia River Basalt Group in
tne Pasca 3asin is extremely important in the detarmination of deformaticn
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rates. The Ringold and Hanford formations record deformation which may
have taken place since the last basalt flow antared the Pasco Zasin. To
astahlish daformation rates, it is necessary to determine as precisaly as
possible the absolute age of the sadiments. The methods used and resuits
to date are discussed for both the Ringsld and Hanford farmations.

RINGOLD FORMATION

The Ringold Formation was assigned a Pliocene age by Gustafson (1973,
1978) based cn vertsbratas fossils. Caliche from the surface of the Rin-
gold Formation at White 31u7vs was dated using thorium/uranium methods at
>500,000 yr pefore present, or bYeyond the 1imits of the methed. Attemots
to date Ringold ash horizons using fission-track mathods have proved unsuc-
casstul because of the lack of neavy minerals and large shards suitable
for dating., The major emohasis in dating has been on the detarmination of
:he paleomagnetic stratigraphias and relating these ito paleontologic data.

The upper Ringold at the White 3luffs contains microtine rodent
fassils, 3.7 to 4.8 million years old (Rememning, in praess). A Hem-
phillian (>4.8 million years old) rninocarcs was identified by Gustafson
(1978) in the middie Ringold of the Whitas BTuffs just above river lavel.
This indicates that the predominantiy reversed magnetic section of the
whita Bluffs (Packer and Johnston, 1979) reoresents the Gilbert Reversad
€poch, or 3.4 to 5.25 mybp.

The upper part of tha Ringold Formation in the RRL s interprated o
ha stratigraphically squivalent %3 the Whita 3luffs sectton. The ero-
sional remmant of the uboer Ringoid in *he RRL is, therafors, >3.7 millicn
years and the middla Ringold is >4.8 million years. The underlying Ele-
phant Mountain Jemoer (10.3 million years) limits the maximum age of the
Ringold Formation in the RWL. However, in the southern part of the Pasco
Basin, the Ice Harbor Memper (3.5 milliion years) and the Lavey interbed are
stratigraphically above the Elephant Mountain Member. Sasad on strati-
grapnic position, the basal Ringold in the Pasco Basin is intarpreted to de
nost-lce Harbor Member (3.5 million years) in age. Therefore, the Ringold
formation in the RRL is :zoncluded to be »3.7 and <8.5 million years old.

HANFORD FORMATION

The number and age of Pleistocene flecods that inundated the F‘asii
dasin is not Xnown, but at isast three avents hava bheen datad using <5C
and thorium/uranium methods and the Mt. St. Helens Set S ash harizon.

Pro.Wisconsinan Flcod Dangsists

Gravels cementad with CaCls and assumed to be of Pleistocene Tlood
arigin are aoresant in Zadger Canvon., Thrae thorium/uranium age datas an
the zaiicne from the zetraciaicic norizons in these gqravels yielded agec of
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200,000 (+250,000 -70,C00}, 220,C00 (+380,C00 -70,000), and >210,000 yr
(Tailman and gthers, 1978}, Thasa gravels may he correlative to flood
graveis in the Cheney-Palouse channeied scabland tract north of the Pasco
8asin (Patton and Baker, 1978; Baker and Nummedal, 1973). Tha Cheney-
Falouse gravels are interpreted to be pre-3ull Lake in age (155,000 to
130,000 yr old) (Piarca and others, 1976). Gravels of this age range have
not bean identified in the RRL barsholes to date, hut “8 km northwest of
the ARL is an isolated outcrep of gravels which have similar fiald charac-
teristics as the Badger Canyon gravels and may be carraiative.

Wiscansinan Flood Oebosits

The oidest l4C data on the Hanford formation s in 2 normal-graded
sequence containing clastic dikes Togatad in the south-central part of the
Pasco Basin. This saquence was aroded curing 2 latar flood that truncated
the clastic dikes and deposited a Jatar flood sequence, 'Wood fragments
from the truncated clastic dike ware dated at >32,000 radiocarbon years
sefore present. The upper limit of the age is not known, but wood samples
from flcod gravels near Wanapum Qam were dated at 32,700 900 radiocarbon
years before present (Fryxall, 1265). These may represent the same flood.

The Jast major Pleistocene scabland flood occurred ~i3,000 yr ago,
based on tha oczurrence of Mt., St. Helaens Set S ash within ‘he flgod de-
nosits and 14¢C dates on organic sediments above and below Mt. 3t. Helens
Set § ash near the Source (Mullineaux and gthers, 1977). Mt. St. Helens
Set 35 ash is present throughout the Pasca Rasin, commonly occurring in the
Touchet 3eds, but also present in the Pasco Gravels. In Cold Creek and
Dry Cresk VYalleys, Mt. St. Helens Set S ash is presant in Touchet sedi-
ments under bergmounds (Fecht and Taliman, 1978).

Wooa from a clastic dike in a flood bar southeast of Gable Mountain
was dated at 18,705 (+1,515 -1,275) radiocarbon years. Thase sadiments
are stratigraphically related to the most racent, major, flood deposits
and the current intarpretation is that the wocd was radepositad from clder
natarial. Another factor to suppert this conclusion is that evidenca from
radiocarbon dates in southern 3ritish Columbia indicats that the last major
Adisconsinan advanca in the northern United States began aftar 17,500 to
18,000 radiocarbcn years before prasent ({lague and others, 1980). This
makes 2n 13,705 (~l,515 -1,27%) radiocarbon years flood in the Pasco 3asin
nignly unlikely, if not fmpossibla.

In summary, there ars threa, datad, flood saquencss in the Pasen
3asin: (1) a pre-Wisconsinan {lood or floods with a well-developed calcig
cement, (2) a Wisconsiran event 32,000 radiocarzan years zefare present,
and (3) a Tata Wisconsinan flcod(s) associated with Mt. 3i. Helens Set 5
ash ~13,000 radiccarbon vears Sefora aresaent (Fig. 2-1}.
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SUMMARY AND CCHCLUSICNS

The post-Columbia River Basalt Group sediments of the Coid Creek syn-
ciine are comiosad of twa major units: (1) Ringold Formation, a Miocana-
Plioccane fluvial unit with some lacustrine facias; and (2) Pleistocene
glaciofluvial sediments, informally tarmed the Hanford formation. Denosi-
tion of the Ringold Formation by ancestral streams fiowing through the
Pasco Basin started shortly after cessation of basalt flows. The Hanford
formation was deposited by catastropinic floodwaters which inundated the
Pasco Basin when glacifal ice dams failed in Montana, [daho, northern Wash-
ington, and southern 8ritish Columbia. .1inor units include the Plefstocene
and Holocene talus, colluvium, alluvium and loess, landslide debris, and
Holoecene dune sar is.

The Ringold Formation overligs the Columbia River Basalt Group within
nost of the Pasco Basin. Tha division of the Ringold Formation into a
basal, lower, middle, and upper facies, based primarily on taxture, {s
approoriate for much of the cantral Pasco 3asin. The sredominant *taxture
of each of these four facfes is as follows: (1) basal--silty, sandy gravel
0 a gravelly sand; (2) lower--sand, silt, and clay; (3) middle--pebbie-to-
cobtole gravel with a sand, silt, and ¢lay matrix; and (4} upper--sand and
silt. '

In general, three representative stratigrapnic sactions can be used
to describe the lataral variations of the Ringold Formation in the Pasco
3a3in. The cantral portion of ihe Cold Creek syncline and much of the
cantral Pasco Basin are of representative section type I, the four vertical
Facies listed above., Section tyne II of the Réagold Formation north and
2ast of Gable Mountain is composed predominmantly of silt, sand, and clay,
inis section is interpretad to reprasent floodplain overbank sedimentation
shroughout Ringold time.

Section type [I1 is the fanglomerata Tacies on the ¥lanks of anti-
cliinal ridges and includes the taius, slope wash, and side-stream facias
aich intarfinger with the cantral basin deposits of section types I and
il. This facies of the Ringold Formation is chiefly camosad of hasalt
clasts with 2 matrix of quartz and felidspar or basalt sand. The unit is
the result of mass wastage and runoff on the emerging ridges during the
depesition of other Ringold saction types in the lower alevations of the
Pasco Basin. Section types I and II were depositad by a major river
systam which flowed through the Pasco Basin.

The sadiments deposited in the Pasco 3asin during catastroohic flood
avents ars informally referred %0 as the Hanford formation. The Hanford
fermation is divided into two textural Fagies: (1)} Pasco Gravels and
{2) Touchet Beds. The Pasco Gravels range in texturs from Soulders %o
fine sand, represanting varied energy snviromments during flooding. The
Touchet 3eds are made uo of rhythmizally hedded, fine-grained sediments
danqasited in low-anergy, slackwatzr environments.
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The number of Pleistocene floods in eastern Washington and %the Pasco
Basin 1% unknown. Within the Pasco 3asin, multiple, graded sequences of
Pasco Gravels and Touchat Beds have bean observed in Sorsholes and out-
crops. Whether each sequencs represents an ‘ndividual flocd or marely
changes in the energy environment during deoosition is not %nown, Locally,
threa sadimentary ssquences have been identifiad in the Pascs 3asin bore-
holes and are intarpratsd to bHe thres saparate flood events.

The Ringoid and Hanford formations record the deformation which has
taken placa sirce the Tast basalt flow entered the Pasco 8asin. In order
to astablish deformation rates, it is necassary to determine, as grecisaly
as possiblie, the absolute age of thesa sediments.

The major amphasis Tor age determination of the Ringoid Formation has
hean on the determination of the paleomagnetic stratigraphy, and using
paleonidlogic data, assigning age renges to the formation. Fossils frem
the upper Ringold Formation indicata an age of 3.7 to 4.8 million years
and that the pradominantly reversad magnetic section reorasants the
Gilbert Reve-sed Epoch. The basal Ringold is interorated to he mainly
post-lce Haroor in aga, 3asad on thesa assumptions, the Ringold Ferma-
tion in the RRL is intarpretad to be >3.4, but <8.5 million years old.

The numper and age of Plaistocene flecds to inundata the Pasco Basin
are not wtwn, but at least thresa egvents have heen datad. Thesas threas
flood sequenczs in the Pasco Basin are: (1) . pre-Wisconsinan flcod or
flcods, {2) a Wisconsinan avent >32,000 radiocarbon years before present,
and (2° a2 lats disconsinan flood(s) associated with Mt. St. Halaens Set §
ash ~13,000 radiocarhan years before present.
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